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(54) IMPEDANCE MEASUREMENT METHOD AND PHOTOVOLTAIC SYSTEM

(57)  An impedance detection method (800, 900,
1000, and 1100) and a photovoltaic system (400, 500,
1200, 1300, 1400, 1500, and 1600) are provided, to help
reduce complexity and costs of impedance detection.
The method includes: sampling a voltage between a di-
rect current bus and a protective earthing (PE) at each
of a first time point and a second time point, to obtain a
first voltage value (U,) and a second voltage value (U,);

sampling a leakage current (I,.4) on the direct current bus

800

at each of the first time point and the second time point,
to obtain a first current value (l,.44) and a second current
value (I,.4o); and calculating an insulation impedance val-
ue (va) of a combiner box (1, 2, ..., M, and 240) based
on a difference between the first voltage value (U;) and
the second voltage value (U,) and a difference between
the first current value (l,.41) and the second current value
(l,cqo), to determine whether impedance of the combiner
box (1, 2, ..., M, and 240) is abnormal.

Sample a voltage between a direct current bus and a protective earthing at each of a S801
first time point and a second time point, to obtain a first voltage value and a second [~/
voltage value

Sample a leakage current on the direct current bus at each of the first time point \5/802
and the second time point, to obtain a first current value and a second current value

Calculate an insulation impedance value of a combiner box based on a difference
between the first voltage value and the second voltage value and a difference
between the first current value and the second current value, to determine whether
impedance of the combiner box is abnormal
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Description
TECHNICAL FIELD

[0001] This application relates to the electronic field,
and more specifically, to animpedance detection method
and a photovoltaic system.

BACKGROUND

[0002] In a distributed inverter grid-connected power
generation system, a plurality of combiner boxes are usu-
ally directly connected in parallel to a direct current bus
of an inverter through a direct current-to-direct current
(direct current-direct current, DC-DC) boost circuit. When
insulation impedance of a photovoltaic string in a com-
biner box to the ground is low, the inverter detects,
through an insulation impedance detection circuit, that
insulation impedance of the system does not meet a safe-
ty requirement, and a shutdown operation needs to be
performed. Consequently, all the combiner boxes con-
nected in parallel to the direct current bus of the inverter
cannot work, resulting in a loss of an energy yield of the
inverter.

[0003] Currently, different direct current cabinets may
be connected in series to direct current switches, and the
insulation impedance of the system is separately detect-
ed by controlling the direct current switch to be turned
off. A direct current switch of a combiner box that is de-
tected to be normal may be turned on, and adirect current
switch of a combiner box that is detected to be abnormal
may be turned off.

[0004] However, in the method, a direct current con-
tactor needs to be used to control the switch to be turned
off and turned on. This is high in cost and complex in
control.

SUMMARY

[0005] This application provides an impedance detec-
tion method and a photovoltaic system, to implement in-
sulation impedance abnormality detection of a combiner
box with a simple operation and low costs.

[0006] According to a first aspect, an impedance de-
tection method is provided, and is applied to a photo-
voltaic system. The photovoltaic system includes a plu-
rality of combiner boxes and an inverter. An input end of
each of the plurality of combiner boxes is connected to
a photovoltaic string, and output ends of the plurality of
combiner boxes are connected to the inverter by using
a direct current bus. The combiner box includes at least
one direct current switch and at least one DC-DC boost
unit. Aninput end of the direct current switch is connected
to the photovoltaic string, an output end of the direct cur-
rent switch is connected to an input end of the DC-DC
boost unit, and an output end of the DC-DC boost unit is
connectedtothe direct currentbus. The method includes:
sampling a voltage between the direct current bus and a
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protective earthing (protecting earthing, PE) at each of a
first time point and a second time point, to obtain a first
voltage value and a second voltage value; sampling a
leakage current on the direct current bus at each of the
first time point and the second time point, to obtain a first
currentvalue and a second currentvalue; and calculating
an insulationimpedance value of the combiner box based
on a difference between the first voltage value and the
second voltage value and a difference between the first
current value and the second current value, to determine
whether impedance of the combiner box is abnormal.
[0007] It should be understood that the combiner box
in this embodiment of this application has a voltage con-
trol function, and may be connected to a plurality of pho-
tovoltaic strings connected in parallel. The photovoltaic
string is obtained by connecting at least one photovoltaic
cell in series.

[0008] In this embodiment of this application, the first
voltage value and the second voltage value between the
direct current bus and the protective earthing and the first
current value and the second current value correspond-
ing to the first voltage value and the second voltage value
may be obtained through sampling. Therefore, imped-
ance of each combiner box to the ground PE can be
calculated, and a specific combiner box with abnormal
impedance can be located. This helps reduce complexity
and costs ofimpedance detection, and improve efficiency
of impedance detection.

[0009] With reference to the first aspect, in some im-
plementations of the first aspect, the photovoltaic system
further includes a power supply unit, one end of the power
supply unitis grounded, the other end of the power supply
unit is connected to the direct current bus, the power
supply unitis in an off state at the first time point, and the
power supply unit is in a working state at the second time
point.

[0010] Inthis embodiment of this application, a voltage
between a negative direct current bus BUS- and the pro-
tective earthing PE (which is briefly referred to as
BUS-/PE below) and the leakage current on the direct
current bus are first sampled at the first time point at
which the power supply unit is in the off state, and then
the BUS-/PE voltage and the leakage current on the di-
rect current bus are sampled at the second time point at
which the power supply unit is in the working state. In
this way, a change of the BUS-/PE voltage of each com-
biner box and a change of the current on the direct current
bus can be obtained by changing a switching state of the
power supply unit.

[0011] With reference to the first aspect, in some im-
plementations of the first aspect, before the obtaining a
second voltage value and the obtaining a second current
value, the method further includes: turning on the power
supply unit, so that the power supply unitis in the working
state; and adjusting the voltage between the direct cur-
rent bus and the protective earthing to a first preset volt-
age by using the power supply unit.

[0012] Itshould be understood thatin this embodiment
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of this application, the first voltage value and the first
current value are obtained through sampling when the
power supply unit is in the off state, and the second volt-
age value and the second current value are obtained
through sampling when the power supply unit is in the
working state.

[0013] Inthis embodiment of this application, when the
power supply unit is in the working state, the BUS-/PE
voltage may be first adjusted to the first preset voltage,
and after the first preset voltage is stable, the first preset
voltage is sampled, to obtain the second voltage value
and the second current value. In this way, the insulation
impedance value of the combiner box to the ground can
be accurately calculated, to improve accuracy of imped-
ance detection.

[0014] With reference to the first aspect, in some im-
plementations of the first aspect, the photovoltaic system
furtherincludes a power supply unit, one end of the power
supply unitis grounded, the other end of the power supply
unit is connected to the direct current bus, and the power
supply unitis in a working state at both the first time point
and the second time point.

[0015] In this embodiment of this application, the
BUS-/PE voltage and the leakage current on the direct
current bus are sampled twice when the power supply
unit is in the working state, to obtain two different
BUS-/PE voltages and two different leakage currents on
the direct current bus through sampling at two different
time points when the power supply unit is in the working
state. In this way, a change of the BUS-/PE voltage of
each combiner box and a change of the current on the
direct current bus can be obtained.

[0016] With reference to the first aspect, in some im-
plementations of the first aspect, before the obtaining a
first voltage value and the obtaining a first current value,
the method further includes: turning on the power supply
unit, so that the power supply unit is in the working state;
and adjusting the voltage between the direct current bus
and the protective earthing to a second preset voltage
by using the power supply unit.

[0017] It should be understood that in this embodiment
of this application, the first voltage value and the first
current value are obtained through sampling when the
power supply unit is in the working state.

[0018] Inthis embodiment of this application, when the
power supply unit is in the working state, the BUS-/PE
voltage may be first adjusted to the second preset volt-
age, and after the second preset voltage is stable, the
second preset voltage is sampled, to obtain the first volt-
age value and the first current value. In this way, the
insulation impedance value of the combiner box to the
ground can be accurately calculated, to improve accura-
cy of impedance detection.

[0019] With reference to the first aspect, in some im-
plementations of the first aspect, the method further in-
cludes: adjusting the voltage between the direct current
bus and the protective earthing to a third preset voltage
by using the power supply unit after first preset duration.
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[0020] Itshould be understood thatin this embodiment
of this application, the second voltage value and the sec-
ond current value are obtained through sampling when
the power supply unit is in the working state.

[0021] Inthis embodiment of this application, when the
power supply unit is in the working state, the BUS-/PE
voltage may be first adjusted to the third preset voltage,
and after the third preset voltage is stable, the third preset
voltage is sampled, to obtain the second voltage value
and the second current value. In this way, the insulation
impedance value of the combiner box to the ground can
be accurately calculated, to improve accuracy of imped-
ance detection.

[0022] With reference to the first aspect, in some im-
plementations of the first aspect, the method further in-
cludes: if it is determined that the impedance of the com-
biner box is abnormal, adjusting a maximum power point
tracking MPPT voltage corresponding to the photovoltaic
string in the combiner box; sampling the MPPT voltage
at each of a third time point and a fourth time point, to
obtain a first MPPT voltage value and a second MPPT
voltage value; sampling the voltage between the direct
current bus and the protective earthing at each of the
third time point and the fourth time point, to obtain a third
voltage value and a fourth voltage value; and calculating
an insulation impedance value of the MPPT voltage
based on the first MPPT voltage value, the second MPPT
voltage value, the third voltage value, and the fourth volt-
age value, to determine whether impedance of the pho-
tovoltaic string is abnormal.

[0023] Further, in this embodiment of this application,
after it is determined that impedance of a combiner box
is abnormal, an MPPT whose positive end has abnormal
impedance to the ground in the abnormal combiner box
may be located. In this way, location is more accurate
and efficient.

[0024] With reference to the first aspect, in some im-
plementations of the first aspect, before the obtaining a
first MPPT voltage and the obtaining a third voltage value,
the method further includes: adjusting the MPPT voltage
to a fourth preset voltage by using the DC-DC boost unit.
[0025] In this embodiment of this application, the
MPPT voltage s first adjusted to the fourth preset voltage,
and after the fourth preset voltage is stable, the fourth
preset voltage is sampled, to obtain the first MPPT volt-
age and the third voltage value. In this way, the insulation
impedance value of the MPPT voltage to the ground can
be accurately calculated, to improve accuracy of imped-
ance detection.

[0026] With reference to the first aspect, in some im-
plementations of the first aspect, the method further in-
cludes: adjusting the MPPT voltage to a fifth preset volt-
age by using the DC-DC boost unit after second preset
duration.

[0027] In this embodiment of this application, the
MPPT voltage is first adjusted to the fifth preset voltage,
and after the fifth preset voltage is stable, the fifth preset
voltage is sampled, to obtain the second MPPT voltage
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and the fourth voltage value. In this way, the insulation
impedance value of the MPPT voltage to the ground can
be accurately calculated, to improve accuracy of imped-
ance detection.

[0028] With reference to the first aspect, in some im-
plementations of the first aspect, the power supply unit
includes at least one of a relay, a resistor, a diode, or a
direct current power supply.

[0029] It should be understood that the resistor may
be an output resistor, the relay may be an output relay,
and the relay is configured to control the power supply
unit to be turned off and turned on, to control the power
supply unit to be in the off state or the working state.
[0030] According to a second aspect, a photovoltaic
system is provided, and includes a plurality of combiner
boxes, an inverter, and an impedance detection appara-
tus. An input end of each of the plurality of combiner
boxes is connected to a photovoltaic string, and the plu-
rality of combiner boxes are connected to the inverter by
using a direct current bus. The combiner box includes at
least one direct current switch and at least one DC-DC
boost unit. An input end of the direct current switch is
connected to the photovoltaic string, an output end of the
direct current switch is connected to an input end of the
DC-DC boost unit, and an output end of the DC-DC boost
unit is connected to the direct current bus.

[0031] The impedance detection apparatus is config-
ured to: sample a voltage between the direct current bus
and a protective earthing at each of a first time point and
a second time point, to obtain a first voltage value and a
second voltage value; and sample a leakage current on
the direct current bus at each of the first time point and
the second time point, to obtain a first current value and
a second current value; and calculate an insulation im-
pedance value of the combiner box based on a difference
between the first voltage value and the second voltage
value and a difference between the first current value
and the second current value, to determine whether im-
pedance of the combiner box is abnormal.

[0032] With reference to the second aspect, in some
implementations of the second aspect, the photovoltaic
system further includes a power supply unit, one end of
the power supply unit is grounded, the other end of the
power supply unit is connected to the direct current bus,
the power supply unit is in an off state at the first time
point, and the power supply unit is in a working state at
the second time point.

[0033] With reference to the second aspect, in some
implementations of the second aspect, the impedance
detection apparatus is configured to: turn on the power
supply unit before the second voltage value and the sec-
ond current value are obtained, so that the power supply
unit is in the working state; and adjust the voltage be-
tween the direct current bus and the protective earthing
to a first preset voltage.

[0034] With reference to the second aspect, in some
implementations of the second aspect, the photovoltaic
system further includes a power supply unit, one end of
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the power supply unit is grounded, the other end of the
power supply unit is connected to the direct current bus,
and the power supply unit is in a working state at both
the first time point and the second time point.

[0035] With reference to the second aspect, in some
implementations of the second aspect, the impedance
detection apparatus is configured to: turn on the power
supply unit before the first voltage value and the first cur-
rent value are obtained, so that the power supply unit is
in the working state; and adjust the voltage between the
direct current bus and the protective earthing to a second
preset voltage.

[0036] With reference to the second aspect, in some
implementations of the second aspect, the impedance
detection apparatus is configured to adjust the voltage
between the direct current bus and the protective earth-
ing to a third preset voltage after first preset duration.
[0037] With reference to the second aspect, in some
implementations of the second aspect, the impedance
detection apparatus is configured to: if it is determined
that the impedance of the combiner box is abnormal, ad-
just a maximum power point tracking MPPT voltage cor-
responding to the photovoltaic string in the combiner box;
sample the MPPT voltage at each of a third time point
and a fourth time point, to obtain a first MPPT voltage
value and a second MPPT voltage value; and sample
the voltage between the direct current bus and the pro-
tective earthing at each of the third time point and the
fourth time point, to obtain a third voltage value and a
fourth voltage value; and calculate an insulation imped-
ance value of the MPPT voltage based on the first MPPT
voltage value, the second MPPT voltage value, the third
voltage value, and the fourth voltage value, to determine
whether impedance of the photovoltaic string is abnor-
mal.

[0038] With reference to the second aspect, in some
implementations of the second aspect, the impedance
detection apparatus is configured to adjust the MPPT
voltage to a fourth preset voltage before the first MPPT
voltage and the third voltage value are obtained.

[0039] With reference to the second aspect, in some
implementations of the second aspect, the impedance
detection apparatus is configured to adjust the MPPT
voltage to a fifth preset voltage after second preset du-
ration.

[0040] With reference to the second aspect, in some
implementations of the second aspect, the power supply
unit includes at least one of a relay, a resistor, a diode,
or a direct current power supply.

[0041] According to a third aspect, an impedance de-
tection apparatus is provided. The impedance detection
apparatus may be an electronic device, or may be a chip
or a chip system in an electronic device. The impedance
detection apparatus may include a sensor detection unit
and a processing unit. The sensor detection unit may be
a residual current device (residual current device, RCD)
sensor.

[0042] When the impedance detection apparatus is an
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electronic device, the processing unit may be a proces-
sor. The impedance detection apparatus may further in-
clude a storage unit, and the storage unit may be a mem-
ory. The storage unit is configured to store instructions,
and the processing unit executes the instructions stored
in the storage unit, so that the electronic device imple-
ments the impedance detection method described in any
one of the first aspect or the possible implementations
of the first aspect.

[0043] When the impedance detection apparatus is a
chip ora chip systemin an electronic device, the process-
ing unit may be a processor. The processing unit exe-
cutes instructions stored in a storage unit, so that the
electronic device implements the impedance detection
method described in any one of the first aspect or the
possible implementations of the first aspect. The storage
unit may be a storage unit (for example, a register or a
cache) in the chip, or may be a storage unit (for example,
a read-only memory or a random access memory), in the
electronic device, located outside the chip.

[0044] According to a fourth aspect, an impedance de-
tection apparatus is provided, and includes at least one
processor and an interface. The interface is configured
to provide program instructions or data to the at least one
processor. The at least one processor is configured to
execute the program instructions, so that the impedance
detection apparatus performs the method in any possible
implementation of the first aspect.

[0045] Optionally, the impedance detection apparatus
in the fourth aspect may further include a memory. The
processor may invoke a program in the memory. Further,
the memory may be integrated with the processor, or the
memory and the processor may be separately disposed.
[0046] In a specificimplementation process, the mem-
ory may be a non-transitory (non-transitory) memory, for
example, aread-only memory (read only memory, ROM).
The memory and the processor may be integrated into
one chip, or may be separately disposed on different
chips. A type of the memory and a manner of disposing
the memory and the processor are not limited in this em-
bodiment of this application.

[0047] It should be understood that a related data ex-
change process such as sending indication information
may be a process of outputting the indication information
from the processor, and receiving capability information
may be a process of receiving the input capability infor-
mation by the processor. Specifically, data output by the
processor may be output to a transmitter, and input data
received by the processor may be from a receiver. The
transmitter and the receiver may be collectively referred
to as a transceiver.

[0048] According to a fifth aspect, a chip or a chip sys-
tem is provided. The chip or the chip system includes at
least one processor and a communication interface. The
communication interface and the at least one processor
are interconnected by using a line, and the at least one
processor is configured to run a computer program or
instructions, to perform the method in any possible im-
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plementation of the first aspect.

[0049] According to a sixth aspect, a computer pro-
gram productis provided. The computer program product
includes a computer program (which may also be re-
ferred to as code or instructions). When the computer
program is run, a computer is enabled to perform the
method in any possible implementation of the first aspect.
[0050] According to a seventh aspect, a computer-
readable storage medium is provided. The computer-
readable storage medium stores a computer program
(which may also be referred to as code or instructions).
When the computer program is run on a computer, the
computer is enabled to perform the method in any pos-
sible implementation of the first aspect.

BRIEF DESCRIPTION OF DRAWINGS
[0051]

FIG. 1 is a circuit topology diagram of a photovoltaic
system according to an embodiment of this applica-
tion;

FIG. 2 is a schematic diagram of an internal circuit
of a combiner box according to an embodiment of
this application;

FIG. 3 is a circuit topology diagram of another pho-
tovoltaic system according to an embodiment of this
application;

FIG. 4A, FIG. 4B, and FIG. 4C are a circuit topology
diagram of still another photovoltaic system accord-
ing to an embodiment of this application;

FIG. 5 is a circuit topology diagram of yet another
photovoltaic system according to an embodiment of
this application;

FIG. 6 is a schematic diagram of a Thevenin equiv-
alent circuit of a combiner box according to an em-
bodiment of this application;

FIG. 7 is a schematic diagram of a multi-machine
parallel Thevenin equivalent circuit according to an
embodiment of this application;

FIG. 8 is a schematic flowchart of an impedance de-
tection method according to an embodiment of this
application;

FIG. 9is a schematic flowchart of anotherimpedance
detection method according to an embodiment of this
application;

FIG. 10 is a schematic flowchart of still another im-
pedance detection method according to an embod-
iment of this application;

FIG. 11 is a schematic flowchart of yet another im-
pedance detection method according to an embod-
iment of this application;

FIG. 12 is a circuit topology diagram of yet another
photovoltaic system according to an embodiment of
this application;

FIG. 13 is a circuit topology diagram of yet another
photovoltaic system according to an embodiment of
this application;
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FIG. 14 is a circuit topology diagram of yet another
photovoltaic system according to an embodiment of
this application;

FIG. 15 is a circuit topology diagram of yet another
photovoltaic system according to an embodiment of
this application;

FIG. 16 is a circuit topology diagram of yet another
photovoltaic system according to an embodiment of
this application;

FIG. 17 is a schematic block diagram of an imped-
ance detection apparatus according to an embodi-
ment of this application; and

FIG. 18 is a schematic block diagram of another im-
pedance detection apparatus according to an em-
bodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0052] The technical solutions in this application are
described below with reference to the accompanying
drawings.

[0053] For ease of clearly describing the technical so-
lutions in embodiments of this application, the following
descriptions are first provided.

[0054] First, in the embodiments shown below, terms
and English acronyms and abbreviations such as a pho-
tovoltaic panel and a combiner box are examples provid-
ed for ease of description, and shall not constitute any
limitation on this application. This application does not
exclude a possibility of defining another term that can
implement a same or similar function in an existing or
future protocol.

[0055] Second, the terms "first", "second", and various
numbers in the embodiments shown below are merely
used for distinction for ease of description, and are not
intended to limit the scope of embodiments of this appli-
cation. For example, different voltage values and differ-
ent time points are distinguished.

[0056] Third, "at least one" means one or more, and
"a plurality of" means two or more. The term "and/or"
describes an association relationship between associat-
ed objects, and indicates that three relationships may
exist. For example, A and/or B may indicate the following
three cases: Only A exists, both A and B exist, and only
B exists, where A and B may be singular or plural. The
character "/" usually indicates an "or" relationship be-
tween associated objects. "At least one of the following
items (pieces)" or a similar expression thereof refers to
any combination of these items, including a single item
(piece) or any combination of a plurality of items (pieces).
For example, at least one of a, b, and ¢ may indicate a,
b,c,aand b, aandc, bandc, ora,b, and ¢, where a,
b, and ¢ may be singular or plural.

[0057] Embodiments of this application may be applied
to a distributed inverter multi-machine grid-connected
power generation system (which is also referred to as a
photovoltaic system below). For example, FIG. 1 is a cir-
cuit topology diagram of a photovoltaic system according
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to an embodiment of this application. As shown in FIG.
1, M combiner boxes are connected in parallel to a direct
current bus of an inverter, and each combiner box is con-
nected to one photovoltaic panel. The photovoltaic panel
is a square array formed by connecting a plurality of pho-
tovoltaic strings in parallel. The combiner box combines
direct currents, and outputs a combined current to the
inverter. The inverter performs maximum power point
tracking (maximum power point tracking, MPPT) control,
and outputs an alternating current obtained after inver-
sion to a transformer (for example, a double split trans-
former). Finally, the transformer correspondingly trans-
forms an alternating current voltage, and transmits the
alternating current voltage to an alternating current power
grid, to meet a power requirement of a load.

[0058] It should be understood that the photovoltaic
string is formed by connecting a plurality of photovoltaic
cells with a low voltage in series, which may multiply a
voltage. For the photovoltaic panel formed by connecting
a plurality of photovoltaic strings in parallel, a current may
be multiplied while there is a same voltage.

[0059] Inthephotovoltaic system, the inverter is mainly
configured to implement MPPT control and inversion
functions. A medium voltage switch is connected to the
inverter, and may be used to turn on, turn off, control,
and protect an electric device in a process of power gen-
eration, transmission, and distribution in the system.
[0060] In a photovoltaic inverter technology, there are
safety requirements in most photovoltaic inverter grid-
connected power generation technology standards. It is
required to detect an insulation impedance value of a
combiner box to the ground before grid-connected power
generation, and compare the detected insulation imped-
ance value with a minimum impedance value required in
the standard, to determine whether the insulation imped-
ance value of the combiner box to the ground meets a
safety grid connection requirement.

[0061] It should be understood that impedance in-
cludes resistance and reactance. The impedance is usu-
ally a complex number, and the resistance and the reac-
tance respectively form a real part and an imaginary part
of the complex number. The insulation impedance of the
combiner box to the ground may be a pure resistance
value, or may include inductive reactance or capacitive
reactance.

[0062] InFIG. 1,aninsulationimpedance detection cir-
cuit is connected to the direct current bus of the inverter,
and is configured to detect whetherinsulationimpedance
ofthe M combiner boxes to the ground is abnormal. When
the inverter detects, through the insulation detection cir-
cuit, that insulation impedance of one or more of the M
combiner boxes to the ground is abnormal, a shutdown
operation needs to be performed. Consequently, all the
combiner boxes connected in parallel to the direct current
bus of the inverter cannot work, resulting in a loss of an
energy yield.

[0063] FIG. 2 is a schematic diagram of an internal
circuit 200 of a combiner box according to an embodiment
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of this application. As shown in FIG. 2, the circuit 200
includes a direct current switch 220 and a DC/DC boost
circuit 230. A photovoltaic panel 210 is connected to one
end of the direct current switch 220 in the combiner box
240, and the other end of the direct current switch 220
is connected to the DC/DC boost circuit 230.

[0064] The photovoltaic panel 210 is formed by con-
necting N photovoltaic strings in parallel. A photovoltaic
cell may convert solar radiation light into electric energy
by using a semiconductor material and a photoelectric
conversion principle. Compared with a common battery,
the photovoltaic cell is more energy-saving and environ-
mental-friendly.

[0065] The directcurrent switch 220 is a circuit protec-
tion device, usually includes a conductive part, an arc
extinguishing part, an operation part, a rotating part, and
the like, may perform operations such as switching off
and switching on, and performs a protection tripping func-
tion in case of a short circuit, overload, and a reverse
current.

[0066] The DC/DC boost circuit 230 is a circuit com-
monly used in a DC/DC converter, and may perform a
function of boosting a voltage. Usually, to implement
maximum power point tracking MPPT, a DC/DC convert-
er needs to be used at an upstream of an inverter, to
converta changing photovoltaic (PV) voltage into a stable
output voltage for a downstream inverter to perform a
direct current-to-alternating current DC/AC operation.
[0067] In a possible implementation, each combiner
box shown in FIG. 1 may be detected by using a control-
lable switch. FIG. 3 is a circuit topology diagram of an-
other photovoltaic system according to an embodiment
of this application. As shown in FIG. 3, a plurality of direct
current power supplies are connected in series to con-
trollable switches S, and the controllable switches S are
connected to combiner boxes, or a plurality of direct cur-
rent power supplies and controllable switches S are in-
tegrated into combiner boxes. It should be understood
that the combiner box is not shown in FIG. 3. When in-
sulation impedance of the combiner box to the ground is
detected, each combiner box may be separately detected
by controlling the switch S to be turned off and turned
on. A switch of a combiner box that is detected to be
normal is turned on, and a switch of a combiner box that
is detected to be abnormal is turned off, to ensure that a
case in which another integrated machine cannot nor-
mally work due to an abnormal combiner box is avoided.
[0068] In the possible implementation, a direct current
controller needs to be used to control the switch S to be
turned on and turned off. However, the direct current con-
troller is high in cost, large in size, and complexin control,
and is difficult to produce.

[0069] In view of this, embodiments of this application
provide an impedance detection method and a photo-
voltaic system. A power supply unit and a sensor detec-
tion unit are added to a combiner box, to implement in-
sulation impedance abnormality detection of the combin-
er box with a simple operation and low costs. In addition,
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a photovoltaic string whose impedance to the ground is
abnormal may be further detected by adjusting an MPPT
voltage. In this way, an abnormal component of a grid-
connected inverter can be quickly and accurately re-
paired, to help reduce a loss of an energy yield.

[0070] Forexample, FIG.4A,FIG.4B,andFIG.4C are
a circuit topology diagram of still another photovoltaic
system 400 according to an embodiment of this applica-
tion. As shown in FIG. 4A, FIG. 4B, and FIG. 4C, the
photovoltaic system 400 includes M combiner boxes (a
combiner box 1, a combiner box 2, ..., and a combiner
box M) connected in parallel to an inverter. For example,
the combiner box 1 is connected to N photovoltaic strings
connected in parallel, the combiner box 2 is connected
to Q photovoltaic strings connected in parallel, ..., and
the combiner box M is connected to P photovoltaic strings
connectedin parallel. Values of N, Q, and P are all greater
than or equal to 1, and the values of N, Q, and P may be
the same or different, or the values of any two of N, Q,
and P may be the same. This is not limited in this appli-
cation.

[0071] In FIG. 4A, FIG. 4B, and FIG. 4C, the M com-
biner boxes are connected in parallel to the inverter. It
should be understood that the M combiner boxes may
alternatively be connected in series to the inverter, or
may be connected to the inverter in a manner in which
some combiner boxes are connected in parallel and the
other combiner boxes are connected in series to the in-
verter. All the combiner boxes may be connected to a
same quantity or different quantities of photovoltaic
strings. This is not limited in this embodiment of this ap-
plication.

[0072] In this embodiment of this application, a direct
current contactor is not used to control a controllable
switch, but a direct current switch built in the inverter is
used. In this way, an operation is simple, costs can be
reduced, and it is easy to implement productization.
[0073] For ease of description, the combiner box 1 is
used as an example below for analysis. A circuit structure
and an analysis process of another combiner box are the
same as those of the combiner box 1. For example, FIG.
5is a circuit topology diagram of yet another photovoltaic
system 500 according to an embodiment of this applica-
tion. The photovoltaic system 500 is described by using
the combiner box 1 in the photovoltaic system 400 as an
example.

[0074] As shown in FIG. 5, in the photovoltaic system
500, N photovoltaic strings are connected to aninput end
of the combiner box 1, and the combiner box 1 includes
N direct current switches 401, N DC-DC boost units 402,
and animpedance detection apparatus 403. Aninputend
of the direct current switch 401 is connected to the pho-
tovoltaic string, an output end of the direct current switch
401 is connected to aninput end of the DC-DC boost unit
402, an output end of the DC-DC boost unit 402 is con-
nected to an input end of the impedance detection ap-
paratus, and an output end of the impedance detection
apparatus is connected to a direct current bus.
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[0075] Optionally, the photovoltaic system 500 in-
cludes a power supply unit 404, one end of the power
supply unit is grounded, and the other end of the power
supply unit is connected to the direct current bus.
[0076] The impedance detection apparatus 403 in-
cludes a sensor detection unit and a processing unit. The
sensor detection unit may be a current sensor, an RCD
sensor, or a resistor. It should be understood that the
impedance detection apparatus 403 may be located in-
side the combiner box, or may be located outside the
combiner box. This is not limited in this embodiment of
this application.

[0077] The impedance detection apparatus is config-
ured to: sample a voltage between the direct current bus
and a protective earthing at each of a first time point and
a second time point, to obtain a first voltage value and a
second voltage value; and sample a leakage current on
the direct current bus at each of the first time point and
the second time point, to obtain a first current value and
a second current value; and calculate an insulation im-
pedance value of the combiner box based on a difference
between the first voltage value and the second voltage
value and a difference between the first current value
and the second current value, to determine whether im-
pedance of the combiner box is abnormal.

[0078] Optionally, the photovoltaic system 500 further
includes a power supply unit 404, one end of the power
supply unit 404 is grounded, the other end of the power
supply unit is connected to the direct current bus, the
power supply unit is in an off state at the first time point,
and the power supply unit is in a working state at the
second time point.

[0079] Optionally, the impedance detection apparatus
is configured to: turn on the power supply unit before the
second voltage value and the second current value are
obtained, so that the power supply unit is in the working
state; and adjust the voltage between the direct current
bus and the protective earthing to a first preset voltage.
[0080] Optionally, the photovoltaic system further in-
cludes a power supply unit, one end of the power supply
unit is grounded, the other end of the power supply unit
is connected to the direct current bus, and the power
supply unitis in a working state at both the first time point
and the second time point.

[0081] Optionally, the impedance detection apparatus
is configured to: turn on the power supply unit before the
first voltage value and the first current value are obtained,
so that the power supply unit is in the working state; and
adjust the voltage between the direct current bus and the
protective earthing to a second preset voltage.

[0082] Optionally, the impedance detection apparatus
is configured to adjust the voltage between the direct
current bus and the protective earthing to a third preset
voltage after first preset duration.

[0083] Optionally, the impedance detection apparatus
is configured to: if it is determined that the impedance of
the combiner box is abnormal, adjust a maximum power
point tracking MPPT voltage corresponding to the pho-
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tovoltaic string in the combiner box; sample the MPPT
voltage at each of a third time point and a fourth time
point, to obtain a first MPPT voltage value and a second
MPPT voltage value; and sample the voltage between
the direct current bus and the protective earthing at each
of the third time point and the fourth time point, to obtain
a third voltage value and a fourth voltage value; and cal-
culate an insulation impedance value of the MPPT volt-
age based on the first MPPT voltage value, the second
MPPT voltage value, the third voltage value, and the
fourth voltage value, to determine whether impedance of
the photovoltaic string is abnormal.

[0084] Optionally, the impedance detection apparatus
is configured to adjust the MPPT voltage to afourth preset
voltage before the first MPPT voltage and the third volt-
age value are obtained.

[0085] Optionally, the impedance detection apparatus
is configured to adjust the MPPT voltage to a fifth preset
voltage after second preset duration.

[0086] Optionally, the power supply unit includes at
least one of a relay, a resistor, a diode, or a direct current
power supply.

[0087] InFIG.5, I, 41+ is a current on a positive direct
current bus BUS+, |, 4. is a current on a negative direct
current bus BUS-, and Ipc4 is an output current of the
power supply unit; MPPT,, MPPT,, ..., and MPPTy re-
spectively represent MPPT voltages corresponding to
the N photovoltaic strings; R;,,4 represents an insulation
impedance value of a first MPPT positive voltage to the
ground, and R, . represents an insulation impedance
value of afirst MPPT negative voltage to the ground; Ry,
represents an insulation impedance value of a second
MPPT positive voltage to the ground, and R, repre-
sents an insulation impedance value of a second MPPT
negative voltage to the ground; and by analogy, RpoN
represents an insulation impedance value of an Nth
MPPT positive voltage to the ground, and R ¢y repre-
sents an insulation impedance value ofan Nt"MPPT neg-
ative voltage to the ground.

[0088] In this embodiment of this application, the cur-
rent sensor can sense information about a detected cur-
rent, for example, |, c4+ and I, ¢4-, @and can convert, for
output, detected current information into an electrical sig-
nal or another form of information that meets a standard.
[0089] A leakage current sensor can detect, in real
time, signals output by branch sensors. When an insu-
lation status of branches is normal, currents flowing
through the leakage current sensor are the same, and
are opposite in direction, and an output signal of the leak-
age current sensor is zero. When a branch is grounded,
a differential current flows through the leakage current
sensor, and an output signal of the leakage current sen-
sor is not zero.

[0090] Forexample, ly,4+and I, ¢4~ may be sampled
by using a discrete device, and |, ¢4+ and I, ,s1- are sub-
tracted to obtain the leakage current | 4.

[0091] Forexample, a precision resistor is usually con-
nected in series to a current loop, and a sampling current
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value is calculated based on a voltage difference ob-
tained through conversion at two ends of the resistor.
[0092] In an optional embodiment, the power supply
unit 404 includes at least one of a relay, a resistor, a
diode, or a direct current power supply.

[0093] Inthis embodiment of this application, the relay
K'is an output relay, is an automatic switch that controls
operation of a high current by using a low current, and is
used for automatic adjustment, safety protection, circuit
conversion, and the like in a circuit. In this embodiment
of this application, the relay K may be turned off, so that
the power supply unit is in the off state, or the relay K
may be turned on, so that the power supply unit is in the
working state.

[0094] In this embodiment of this application, the re-
sistor Ry is an output resistor, and is a Thevenin equiv-
alent resistor viewed from an output end of an amplifier.
The amplifier may be equivalent to a signal source having
the internal resistor R,,.

[0095] Thedirectcurrentpowersupply is anadjustable
direct current power supply. One end is connected to the
ground through aresistor, and the other end is connected
to the positive direct current bus BUS+ or the negative
direct current bus BUS-, to provide a stable current to a
load. For example, the adjustable direct current power
supply may be aflyback power supply or a forward power
supply. This is not limited in this embodiment of this ap-
plication.

[0096] According to a Thevenin’s theorem, the com-
biner box may be viewed from the negative direct current
bus BUS- and the protective earthing PE (BUS-/PE), to
obtain a Thevenin equivalent circuit of the combiner box
shown in FIG. 6. An internal circuit may be equivalent to
a voltage source U, and a resistor R, connected in se-
ries. The resistor R, is equivalent to a resistance value
va (namely, the insulation impedance value of the com-
biner box to the ground) of a photovoltaic panel side of
the combiner box to the ground and resistance R of an
inverter system to the ground that are connected in par-
allel, and I 4 is a sampling current of the sensor detection
unit.

[0097] Further, when the M combiner boxes are con-
nected in parallel, a multi-machine parallel Thevenin
equivalent circuit shown in FIG. 7 may be obtained by
using the Thevenin’s theorem.

[0098] In FIG. 7, U is an equivalent voltage source
of an internal circuit, R,4, R0, ..., and Ry, respectively
represent equivalent resistance of a first combiner box,
a second combiner box, ..., and an Mth combiner box, l1,
l2, ..., and I, respectively represent leakage currents in
the first combiner box, the second combiner box, ..., and
the Mth combiner box, DC,, DC,, ..., and DC,, respec-
tively represent adjustable direct current power supplies
in the first combiner box, the second combiner box, ...,
and the Mt combiner box, K represents an output relay,
and Ry represents an output resistor.

[0099] Inthisembodimentofthis application, insulation
impedance of the combiner box is analyzed based on
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the Thevenin equivalent circuit shown in FIG. 6. The
BUS-/PE voltage is changed by using the power supply
unit, and insulation impedance of equivalent impedance
of each combiner box to the ground may be calculated
based on a change of the BUS-/PE voltage and a change
of the RCD leakage current sensor in the combiner box,
to determine whether the insulation impedance of the
combiner box is abnormal. A specific impedance detec-
tion method is described below in detail with reference
to FIG. 8, FIG. 9, and FIG. 10.

[0100] It should be understood that the steps and/or
procedures of the impedance detection method in em-
bodiments of this application may be performed by an
impedance detection apparatus. The impedance detec-
tion apparatus may be integrated into the photovoltaic
system described in this application, or may be used as
an independent device to perform the steps and/or pro-
cedures of the impedance detection method through a
detection interface. This is not limited in this application.
[0101] For example, FIG. 8 is a schematic flowchart of
an impedance detection method 800 according to an em-
bodiment of this application. The method 800 includes
the following steps.

[0102] S801: Sample a voltage between a direct cur-
rent bus and a protective earthing at each of a first time
point and a second time point, to obtain a first voltage
value and a second voltage value.

[0103] Inthis embodiment of this application, sampling
may be performed by using a sensor detection unitin an
impedance detection apparatus. The sensor detection
unit may be a differential resistor, and a BUS-/PE voltage
of a combiner box may be sampled by using the differ-
ential resistor, to obtain the first voltage value U, and the
second voltage value U,.

[0104] For example, a BUS-/PE voltage of a combiner
box may alternatively be sampled by using a voltage sen-
sor, to obtain the first voltage value U; and the second
voltage value U,.

[0105] S802: Sample a leakage current on the direct
current bus at each of the first time point and the second
time point, to obtain a first current value and a second
current value.

[0106] In this embodiment of this application, the leak-
age current on the direct current bus may be sampled by
using an RCD leakage current sensor, to obtain the first
current value l,.41 and the second current value | ,4».
[0107] S803: Calculate aninsulation impedance value
of the combiner box based on a difference between the
first voltage value and the second voltage value and a
difference between the first current value and the second
current value, to determine whether impedance of the
combiner box is abnormal.

[0108] In this embodiment of this application, |
l,cqo May be expressed as follows:

rcd1 and

IerIZ(UOC_Ul)/Rx
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IrchZ(Uoc—Uz)/Rx

[0109] Equivalent impedance R, may be obtained
through solving by combining the two formulas, and is
expressed as follows:

Rx:(U 1—U2)/ (Ircdl—Irch)

[0110] Further, the insulation impedance value va of
the combiner box to the ground may be obtained based
on the equivalent resistance R, and resistance Rq of an
inverter system to the ground, and is expressed as fol-
lows:

RpV: (Rx X Rs)/ (Rs—Rx)

[0111] An insulation impedance standard of a normal
inverter is not less than Upv _max/(30 mA). Therefore,
when RpV<Upv_max/(3O mA), a low insulation imped-
ance alarm may be reported.

[0112] Itshould be understood that Upv_max is a max-
imum voltage value of an inverter grid-connected power
generation system. There are usually two voltage levels
based on different systems. For example, a value of
Upv_max may be 1500 V or 1100 V

[0113] It should be understood that U, is not equal to
Uy, l,cq1 is not equal to |45, and U, and U, are limited
by Upv_max. Based on different systems, U, is less than
1100 V or 1500 V, and similarly, U, is less than 1100 V
or 1500 V

[0114] In this embodiment of this application, two dif-
ferent voltage values and two different current values are
obtained through sampling by using the sensor detection
unit, and it may be determined, based on a change of
the voltage value and a change of the current value,
whether the insulation impedance of the combiner box
to the ground is abnormal. This helps reduce complexity
of an operation and reduce costs.

[0115] Two different types of logic are provided in this
embodiment of this application to implement S801 and
S802. Detailed descriptions are provided below with ref-
erence to FIG. 9 and FIG. 10.

[0116] Forexample, FIG. 9 is a schematic flowchart of
another impedance detection method 900 according to
an embodiment of this application. In the method 900, a
power supply unit is in an off state at a first time point,
and the power supply unitis in a working state ata second
time point. It should be understood that in this embodi-
ment, the power supply unitis an adjustable direct current
power supply, and arelay Kiis an output relay. The meth-
od 900 includes the following steps.

[0117] S901: Connect outputs of M combiner boxes in
parallel.

[0118] S902: Turn off the relay K, so thatthe adjustable
direct current power supply is turned off.
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[0119] In this embodiment of this application, the DC
output relay K is not turned on, so that the power supply
of the combiner box is in the off state at the firsttime point.
[0120] S903: For each combiner box, perform sam-
pling to obtain a BUS-/PE voltage U,, and perform sam-
pling by using an RCD leakage current sensor, to obtain
a leakage current | ;44.

[0121] In this embodiment of this application, at the
first time point, for each combiner box, sampling is per-
formed based on a differential resistor, to obtain the
BUS-/PE voltage U,, and sampling is performed by using
the RCD leakage current sensor, to obtain the direct cur-
rent leakage current |, .44.

[0122] S904:TurnontherelayK, sothatthe adjustable
direct current power supply works, and the adjustable
direct current power supply controls a BUS-/PE voltage
to be U,.

[0123] S905: For each combiner box, perform sam-
pling to obtain the BUS-/PE voltage U,, and perform sam-
pling by using the RCD leakage current sensor, to obtain
a leakage current | ;g.

[0124] In this embodiment of this application, before a
second voltage value and a second current value are
obtained, the power supply unit is turned on, so that the
power supply unitis in the working state; and the voltage
between a direct current bus and a protective earthing is
adjusted to a first preset voltage by using the power sup-
ply unit.

[0125] In this embodiment of this application, the DC
output relay K is turned on, the BUS-/PE voltage is first
controlled to be the first preset voltage by using the ad-
justable direct current power supply, and after the first
presetvoltage is stable, the first preset voltage is sampled
to obtain U,.

[0126] In this embodiment of this application, the
BUS-/PE voltage and a leakage current are sampled at
the second time point, to obtain U, and | 4,. The adjust-
able direct current power supply is in the working state
at the second time point.

[0127] Itshould be understood that the first preset volt-
age is U,, the second voltage value is U, obtained
through sampling, and the second current value is |, 4o
obtained through sampling.

[0128] S906: Calculate aninsulation impedance value
of the combiner box to the ground PE based on Uy, U,,
Ircd1’ and Ircd2'

[0129] A calculation manner in this embodiment of this
application is described in S703. Details are not de-
scribed herein.

[0130] In this embodiment of this application, the
BUS-/PE voltage may be sampled once before an invert-
er is grid-connected, and then the BUS-/PE voltage may
be sampled once again in a grid-connected working proc-
ess of the inverter, to determine whether there is imped-
ance abnormality. In this way, power can be saved, and
whether the impedance of the combiner box is abnormal
can be detected in a timely manner.

[0131] In the method 800, sampling is separately per-
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formed when an adjustable direct current power supply
is in an off state and the adjustable direct current power
supply is in a working state, to obtain U4, Uy, l-44, and
l,cq2- Another type of logic for implementing S801 and
S802 is described below in detail with reference to FIG.
10.

[0132] For example, FIG. 10 is a schematic flowchart
of still another impedance detection method 1000 ac-
cording to an embodiment of this application. In the meth-
od 1000, a power supply unitis in a working state at both
a first time point and a second time point. It should be
understood that in this embodiment, the power supply
unit is an adjustable direct current power supply, and a
relay K is an output relay. The method 1000 includes the
following steps.

[0133] S1001: Connect outputs of M combiner boxes
in parallel.
[0134] S1002: Turn on the relay K, so that the adjust-

able direct current power supply works, and the adjust-
able direct current power supply controls a BUS-/PE volt-
age to be U,.

[0135] In this embodiment of this application, before a
first voltage value and a first current value are obtained,
the power supply unit is turned on, so that the power
supply unit is in the working state; and the voltage be-
tween a direct current bus and a protective earthing is
adjusted to a second preset voltage by using the power
supply unit.

[0136] In this embodiment of this application, the DC
output relay K is turned on, the BUS-/PE voltage is first
controlled to be the second preset voltage by using the
adjustable direct current power supply, and after the sec-
ond preset voltage is stable, the second preset voltage
is sampled at the first time point to obtain U,.

[0137] S1003: For each combiner box, perform sam-
pling to obtain the BUS-/PE voltage U,, and perform sam-
pling by using an RCD leakage current sensor, to obtain
a leakage current ..

[0138] It should be understood that in this embodiment
of this application, the second preset voltage is U4, the
first voltage value is U obtained through sampling, and
the first current value is | .44 obtained through sampling.
[0139] S1004: Turn on the relay K, so that the adjust-
able direct current power supply works, and the adjust-
able direct current power supply controls the BUS-/PE
voltage to be U,.

[0140] In this embodiment of this application, before a
second voltage value and a second current value are
obtained, the voltage between the direct current bus and
the protective earthing is adjusted to a third preset voltage
by using the power supply unit after first preset duration.
[0141] In this embodiment of this application, the DC
output relay K is turned on, the BUS-/PE voltage is first
controlled to be the third preset voltage by using the ad-
justable direct current power supply, and after the third
preset voltage is stable, the third preset voltage is sam-
pled at the second time point to obtain U,.

[0142] After controlling the BUS-/PE voltage to be U,
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for the first time, the adjustable direct current power sup-
ply may adjust the BUS-/PE voltage for the second time
after the first preset duration. The first preset duration
may be 5s, 10s, or any other duration. This is not limited
in this embodiment of this application.

[0143] For example, in a process of adjusting the
BUS-/PE voltage from U, to U,, a voltage change may
be gradually controlled to adjust the voltage to U,, or the
voltage may be directly adjusted to U,. This is not limited
in this application.

[0144] S1005: For each combiner box, perform sam-
pling to obtain the BUS-/PE voltage U,, and perform sam-
pling by using the RCD leakage current sensor, to obtain
a leakage current | ;g.

[0145] Itshould be understood that in this embodiment
of this application, the third preset voltage is U,, the sec-
ond voltage value is U, obtained through sampling, and
the second current value is |4, obtained through sam-
pling.

[0146] S1006: Calculate an insulation impedance val-
ue of the combiner box to the ground PE based on Uy,

rcd

U, lroat, @and liggo-

[0147] In this embodiment of this application, the
BUS-/PE voltage may be sampled twice online in a grid-
connected running process of the inverter, to determine
whether there is impedance abnormality. In this way, two
different voltage values can be obtained by adjusting only
the BUS-/PE voltage. An operation is simple, and an ab-
normal combiner box can be more effectively located.
[0148] It should be understood that a plurality of com-
biner boxes may be detected in parallel by using the
method for detecting insulation impedance of a combiner
box described above. This helps improve detection effi-
ciency.

[0149] The method for detecting abnormal insulation
impedance of a combiner box to the ground is described
above in detail with reference to FIG. 8 to FIG. 10. In an
actual detection process, the combiner box is connected
to a plurality of photovoltaic strings. Therefore, in embod-
iments of this application, a specific photovoltaic string
that has low insulation impedance to the ground in the
abnormal combiner box may be further accurately de-
tected. A method for detecting abnormality in a photo-
voltaic string is described below in detail with reference
to FIG. 11.

[0150] For example, FIG. 11 is a schematic flowchart
of yetanotherimpedance detection method 1100 accord-
ing to an embodiment of this application. The method
1100 includes the following steps.

[0151] S801: Sample a voltage between a direct cur-
rent bus and a protective earthing at each of a first time
point and a second time point, to obtain a first voltage
value and a second voltage value.

[0152] S802: Sample a leakage current on the direct
current bus at each of the first time point and the second
time point, to obtain a first current value and a second
current value.

[0153] S803: Calculate aninsulation impedance value
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of a combiner box based on a difference between the
first voltage value and the second voltage value and a
difference between the first current value and the second
current value, to determine whether impedance of the
combiner box is abnormal.

[0154] S1110: Ifitis determined that the impedance of
the combiner box is abnormal, adjust a maximum power
point tracking MPPT voltage corresponding to a photo-
voltaic string in the combiner box.

[0155] S1120: Sample the MPPT voltage at each of a
third time point and a fourth time point, to obtain a first
MPPT voltage value and a second MPPT voltage value.
[0156] Itshould be understood thatan adjustable direct
current power supply is in a working state at both the
third time point and the fourth time point.

[0157] S1130: Sample the voltage between the direct
current bus and the protective earthing at each of the
third time point and the fourth time point, to obtain a third
voltage value and a fourth voltage value.

[0158] S1140: Calculate an insulation impedance val-
ue of the MPPT voltage based on the first MPPT voltage
value, the second MPPT voltage value, the third voltage
value, and the fourth voltage value, to determine whether
impedance of the photovoltaic string is abnormal.
[0159] In this embodiment of this application, the
MPPT voltage is adjusted, and insulation impedance val-
ues Ry, and R, of an MPPT voltage of each photovoltaic
string to the ground may be calculated based on two dif-
ferent MPPT voltage values obtained through sampling.
Herein, Rpo is aninsulation impedance value of a positive
electrode of the MPPT voltage to the ground, and R, is
an insulation impedance value of a negative electrode of
the MPPT voltage to the ground. Therefore, a photovolta-
ic string corresponding to an MPPT voltage with low in-
sulation impedance can be detected. In this way, an op-
eration is simple, a detection result is efficient and accu-
rate, and it is easy to implement.

[0160] In an optional embodiment, before the first
MPPT voltage value and the third voltage value are ob-
tained, the MPPT voltage is adjusted to a fourth preset
voltage by using a DC-DC boost unit.

[0161] In an optional embodiment, before the second
MPPT voltage value and the fourth voltage value are ob-
tained, the MPPT voltage may be adjusted to afifth preset
voltage by using the DC-DC boost unit after second pre-
set duration.

[0162] Inthis embodimentofthis application, foracom-
biner box with an insulation impedance problem, chang-
es of all MPPT voltages may be sequentially controlled
by using an internal DC-DC boost unit, to calculate insu-
lation impedance R,, and R, of a positive electrode and
a negative electrode of each MPPT to the ground. This
helps accurately locate a photovoltaic string with abnor-
mal insulationimpedance in a scenario in which combiner
boxes are connected in parallel, and ensures that grid
connection is normally performed.

[0163] Calculation of the insulation impedance value
of the MPPT voltage to the ground is analyzed by using
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a first photovoltaic string as an example. An MPPT volt-
age corresponding to the photovoltaic string is first con-
trolled to be the fourth preset voltage U1 by using the
DC-DC boost unit, to obtain that the BUS-/PE voltage is
U,,, then the MPPT voltage is controlled to be the fifth
preset voltage Uy, 4,, to obtain that the BUS-/PE voltage
is Uy,, and then insulation impedance R4 and R,o4 of
the MPPT voltage corresponding to the single photo-
voltaic string to the ground PE may be obtained through
solving based on the following equation set:

Ullz(Upvll XRnel)/(Rpol"‘Rnel)

U12:(UpV12 XRne 1)/(Rpol+Rne 1)

[0164] In the formulas, Uyy, Uyp, Upyq4, and U4, are
known. Therefore, Ry,1 and R,y can be obtained
through solving. Negative electrodes of a plurality of
MPPTs are connected in parallel, and therefore a specific
MPPT voltage whose negative electrode has abnormal
insulation impedance to the ground cannot be deter-
mined. However, positive electrodes of the MPPTs can
be distinguished. Therefore, when R is less than a
safety threshold, it may be determined that insulation im-
pedance of the first photovoltaic string is abnormal. For
example, the safety threshold may be 50 KQ.

[0165] It should be understood that for a combiner box
with abnormal insulation impedance, insulation imped-
ance values of MPPT voltages corresponding to other
photovoltaic strings to the ground are sequentially de-
tected. A detection method is the same as the foregoing
method. Details are not described herein.

[0166] Optionally, after S1140, if it is determined that
there is a combiner box with abnormal insulation imped-
ance in a photovoltaic system, an instruction is sentto a
monitoring board in an inverter, where the instruction is
used to indicate that the combiner box has low insulation
impedance, a control trip of an input direct current switch
of the combiner box with low insulation impedance is
turned off, and another combiner box with normal insu-
lation impedance may be put into grid connection. In ad-
dition, a background person may receive a low insulation
impedance alarm through an application (application,
APP), and rectify a fault in a timely manner.

[0167] In FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 5, the
impedance detection apparatus is connected to the direct
current bus, and an output end of the power supply unit
404 is connected to the negative direct current bus. How-
ever, it should be understood that connection positions
of the sensor detection unit 403 and the power supply
unit 404 in a circuitmay be changed. Five different circuit
topology change forms of the photovoltaic system are
described below by still using the combiner box 1 as an
example and with reference to FIG. 12 to FIG. 16.
[0168] In photovoltaic systems 1200, 1300, 1400,
1500, and 1600, for example, the combiner box 1 in-
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cludes N direct current switches, N DC-DC boost units,
an impedance detection apparatus, and a power supply
unit.

[0169] It should be understood that although a circuit
structure changes, the impedance detection methods
800, 900, 1000, and 1100 in embodiments of this appli-
cation may still be applied to any one of the circuits 1200,
1300, 1400, 1500, and 1600. This is not limited in this
application.

[0170] AsshowninFIG. 12, in the photovoltaic system
1200, aninput end of the direct current switch is connect-
ed to a photovoltaic string, an output end of the direct
current switch is connected to an input end of the DC-
DC boost unit, an output end of the DC-DC boost unit is
connected to an input end of the impedance detection
apparatus, and an output end of the impedance detection
apparatus is connected to a direct current bus and is
located inside the power supply unit.

[0171] Differentfrom a case in which the power supply
unit in the photovoltaic system 500 is connected to the
negative direct current bus BUS-, the power supply unit
in the circuit 1200 is connected to a positive direct current
bus BUS+.

[0172] AsshowninFIG. 13, inthe circuit 1300, aninput
end of the direct current switch is connected to a photo-
voltaic string, an output end of the direct current switch
is connected to an input end of the DC-DC boost unit,
and an output end of the DC-DC boost unit is connected
to a direct current bus.

[0173] Differentfrom a case in which the power supply
unit in the photovoltaic system 500 is connected to the
negative direct current bus BUS-, and the impedance
detection apparatus is connected to a direct current bus
inside the power supply unit, the power supply unitin the
photovoltaic system 1300 is connected to a positive direct
current bus BUS+, and the impedance detection appa-
ratus is connected to a direct current bus outside the
power supply unit.

[0174] AsshowninFIG. 14, in the photovoltaic system
1400, an input end of the direct current switch is connect-
ed to a photovoltaic string, an output end of the direct
current switch is connected to an input end of the imped-
ance detection apparatus, an output end of the imped-
ance detection apparatus is connected to an input end
of the DC-DC boost unit, and an output end of the DC-
DC boost unit is connected to a direct current bus.
[0175] Differentfrom a case in which the power supply
unit in the photovoltaic system 500 is connected to the
negative direct current bus BUS-, and the impedance
detection apparatus is connected to a direct current bus
inside the power supply unit, the power supply unitin the
photovoltaic system 1400 is connected to a positive direct
current bus BUS+, and the impedance detection appa-
ratus is connected between the direct current switch and
the DC-DC boost unit.

[0176] AsshowninFIG. 15, inthe photovoltaic system
1500, an input end of the impedance detection apparatus
is connected to a photovoltaic string, an output end of
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the impedance detection apparatus is connected to an
input end of the direct current switch, an output end of
the direct current switch is connected to an input end of
the DC-DC boost unit, and an output end of the DC-DC
boost unit is connected to a direct current bus.

[0177] Differentfrom a case in which the power supply
unit in the photovoltaic system 500 is connected to the
negative direct current bus BUS-, and the impedance
detection apparatus is connected to a direct current bus
inside the power supply unit, the power supply unit in the
photovoltaic system 500 is connected to a positive direct
current bus BUS+, and the impedance detection appa-
ratus is connected before the direct current switch.
[0178] AsshowninFIG. 16,inthe circuit 1600, aninput
end of the direct current switch is connected to a photo-
voltaic string, an output end of the direct current switch
is connected to an input end of the DC-DC boost unit, an
output end of the DC-DC boost unit is connected to an
input end of the impedance detection apparatus, and an
output end of the impedance detection apparatus is con-
nected to a direct current bus and is located inside the
power supply unit.

[0179] Differentfrom a case in which the power supply
unit in the photovoltaic system 500 is located inside the
combiner box and is connected to the negative direct
current bus BUS-, the power supply unit in the photo-
voltaic system 1600 is located inside an inverter and is
connected to a negative direct current bus BUS-.
[0180] It should be understood that the circuit change
manners in the photovoltaic system 500 and the photo-
voltaic systems 1200 to 1600 may be combined with each
other.

[0181] Optionally, on the basis of the photovoltaic sys-
tem 500, the impedance detection apparatus may be
connected to the direct current bus outside the power
supply unit with reference to a connection manner of the
photovoltaic system 1300.

[0182] Optionally, on the basis of the photovoltaic sys-
tem 500, the impedance detection apparatus may be
connected between the direct current switch and the
DC/DC boost unit with reference to a connection manner
of the photovoltaic system 1400.

[0183] Optionally, on the basis of the photovoltaic sys-
tem, the impedance detection apparatus may be con-
nected before the direct current switch with reference to
a connection manner of the photovoltaic system.
[0184] Optionally, on the basis of the photovoltaic sys-
tem 1600, the impedance detection apparatus may be
connected between the direct current switch and the
DC/DC boost unit with reference to a connection manner
of the photovoltaic system 1400.

[0185] Optionally, on the basis of the photovoltaic sys-
tem 1600, the impedance detection apparatus may be
connected before the direct current switch with reference
to a connection manner of the photovoltaic system 1500.
[0186] It should be understood that there may be an-
other possible combination manner. This is not limited in
this embodiment of this application.
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[0187] The impedance detection method according to
embodiments of this application is described above in
detail with reference to FIG. 8 to FIG. 11. An impedance
detection apparatus according to embodiments of this
application is described below in detail with reference to
FIG. 17 and FIG. 18.

[0188] FIG. 17 is a schematic block diagram of an im-
pedance detection apparatus 1700 according to an em-
bodiment of this application. The apparatus 1700 in-
cludes a samplingmodule 1710 and a processing module
1720. The sampling module 1710 is equivalent to the
sensor detection unit in the foregoing photovoltaic sys-
tem, and the processing module 1720 is equivalent to
the processing unit in the foregoing photovoltaic system.
[0189] The sampling module 1710 is configured to:
sample a voltage between a direct current bus and a
protective earthing at each of a first time point and a sec-
ond time point, to obtain a first voltage value and a second
voltage value; and sample a leakage current on the direct
current bus at each of the first time point and the second
time point, to obtain a first current value and a second
current value. The processing module 1720 is configured
to calculate an insulation impedance value of a combiner
box based on a difference between the first voltage value
and the second voltage value and a difference between
the first current value and the second current value, to
determine whether impedance of the combiner box is
abnormal.

[0190] Optionally, the photovoltaic system further in-
cludes a power supply unit, one end of the power supply
unit is grounded, the other end of the power supply unit
is connected to the direct current bus, the power supply
unit is in an off state at the first time point, and the power
supply unit is in a working state at the second time point.
[0191] Optionally, the processing module 1720 is con-
figured to: turn on the power supply unit before the sec-
ond voltage value and the second current value are ob-
tained, so that the power supply unit is in the working
state; and adjust the voltage between the direct current
bus and the protective earthing to a first preset voltage.
[0192] Optionally, the photovoltaic system further in-
cludes a power supply unit, one end of the power supply
unit is grounded, the other end of the power supply unit
is connected to the direct current bus, and the power
supply unitis in a working state at both the first time point
and the second time point.

[0193] Optionally, the processing module 1720 is con-
figured to: turn on the power supply unit before the first
voltage value and the first current value are obtained, so
that the power supply unit is in the working state; and
adjust the voltage between the direct current bus and the
protective earthing to a second preset voltage.

[0194] Optionally, the processing module 1720 is con-
figured to adjust the voltage between the direct current
bus and the protective earthing to a third preset voltage
after first preset duration.

[0195] Optionally, the processing module 1720 is con-
figured to: if it is determined that the impedance of the
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combiner box is abnormal, adjust a maximum power
point tracking MPPT voltage corresponding to a photo-
voltaic string in the combiner box; the sampling module
1710 is configured to sample the MPPT voltage at each
of a third time point and a fourth time point, to obtain a
first MPPT voltage value and a second MPPT voltage
value; the sampling module 1710 is further configured to
sample the voltage between the direct current bus and
the protective earthing at each of the third time point and
the fourth time point, to obtain a third voltage value and
a fourth voltage value; and the processing module 1720
is further configured to calculate an insulation impedance
value of the MPPT voltage based on the first MPPT volt-
age value, the second MPPT voltage value, the third volt-
age value, and the fourth voltage value, to determine
whether impedance of the photovoltaic string is abnor-
mal.

[0196] Optionally, before the first MPPT voltage and
the third voltage value are obtained, the processing mod-
ule 1720 is configured to adjust the MPPT voltage to a
fourth preset voltage.

[0197] Optionally, the processing module 1720 is con-
figured to adjustthe MPPT voltage to afifth preset voltage
after second preset duration.

[0198] Optionally, the power supply unit includes at
least one of a relay, a resistor, a diode, or a direct current
power supply.

[0199] Itshould be understood thatthe apparatus 1700
herein is embodied in a form of a functional module. The
term "module" herein may be an application-specific in-
tegrated circuit (application specific integrated circuit,
ASIC), an electronic circuit, a processor (for example, a
shared processor, a dedicated processor, or a group
processor) configured to execute one or more software
or firmware programs, a memory, a combinational logic
circuit, and/or another appropriate component that sup-
ports the described function. In an optional example, a
person skilled in the art may understand that the appa-
ratus 1700 may be an electronic device, or may be a chip
or a chip system in an electronic device, or a function of
a chip or a chip system in an electronic device may be
integrated into the apparatus 1700, and the apparatus
1700 may be configured to perform the procedures
and/or steps of any impedance detection method in the
foregoing method embodiments. To avoid repetition, de-
tails are not described herein.

[0200] The apparatus 1700 has a function for imple-
menting the corresponding steps performed by the im-
pedance detection apparatus in the foregoing method.
The function may be implemented by hardware, or may
be implemented by executing corresponding software by
hardware. The hardware or the software includes one or
more modules corresponding to the function.

[0201] In this embodiment of this application, the ap-
paratus 1700 in FIG. 17 may alternatively be a chip or a
chip system, for example, a system on chip (system on
chip, SoC).

[0202] FIG. 18isaschematic block diagram of another
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impedance detection apparatus 1800 according to an
embodiment of this application. The apparatus 1800 in-
cludesaprocessor 1810, atransceiver 1820, and a mem-
ory 1830. The processor 1810, the transceiver 1820, and
the memory 1830 communicate with each other by using
an internal connection path. The memory 1830 is config-
ured to store instructions. The processor 1810 is config-
ured to execute the instructions stored in the memory
1830, to control the transceiver 1820 to send a signal
and/or receive a signal.

[0203] Itshould be understood thatthe apparatus 1800
may be specifically the impedance detection apparatus
in the foregoing embodiment, or a function of the imped-
ance detection apparatus in the foregoing embodiment
may be integrated into the apparatus 1800, and the ap-
paratus 1800 may be configured to perform the steps
and/or procedures corresponding to the impedance de-
tection apparatus in the foregoing method embodiments.
Optionally, the memory 1830 may include a read-only
memory and a random access memory, and provide in-
structions and data to the processor. A part of the memory
may further include a nonvolatile random access mem-
ory. For example, the memory may further store informa-
tion of a device type. The processor 1810 may be con-
figured to execute the instructions stored in the memory,
and when the processor executes the instructions, the
processor can perform the steps and/or procedures cor-
responding to the impedance detection apparatus in the
foregoing method embodiments.

[0204] It should be understood that in this embodiment
of this application, the processor 1810 may be a central
processing unit (central processing unit, CPU), or the
processor may be another general-purpose processor,
adigital signal processor (digital signal processor, DSP),
an application-specific integrated circuit (application spe-
cific integrated circuit, ASIC), a field programmable gate
array (field programmable gate array, FPGA) or another
programmable logic device, a discrete gate or a transistor
logic device, a discrete hardware component, or the like.
The general-purpose processor may be a microproces-
sor, or the processor may be any conventional processor
or the like.

[0205] In an implementation process, the steps of the
foregoing methods may be completed by using an inte-
grated logic circuit of hardware in the processor, or by
using instructions in a form of software. The steps of the
methods disclosed with reference to embodiments of this
application may be directly performed and completed by
a hardware processor, or may be performed and com-
pleted by using a combination of hardware in the proc-
essor and a software module. The software module may
be located in a mature storage medium in the art, for
example, a random access memory, a flash memory, a
read-only memory, a programmable read-only memory,
an electrically erasable programmable memory, or a reg-
ister. The storage medium is located in the memory, and
the processor executes the instructions in the memory,
and completes the steps of the foregoing methods in
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combination with the hardware in the processor. To avoid
repetition, details are not described herein.

[0206] A personofordinary skillin the art may be aware
that the example modules, algorithms, and steps de-
scribed with reference to embodiments disclosed in this
specification can be implemented by electronic hardware
or a combination of computer software and electronic
hardware. Whether the functions are performed by hard-
ware or software depends on particular applications and
design constraints of the technical solutions. A person
skilled in the art may use different methods to implement
the described functions for each particular application,
but it should not be considered that the implementation
goes beyond the scope of this application.

[0207] It may be clearly understood by a person skilled
in the art that for the purpose of convenient and brief
description, for a detailed working process of the system,
apparatus, and module described above, refer to the cor-
responding process in the foregoing method embodi-
ments. Details are not described herein.

[0208] Inthe several embodiments provided in this ap-
plication, it should be understood that the disclosed sys-
tem, apparatus, and method may be implemented in oth-
er manners. For example, the described apparatus em-
bodiment is merely an example. For example, division
into the modules is merely logical function division and
may be other division in actual implementation. For ex-
ample, a plurality of modules or components may be com-
bined orintegrated into another system, or some features
may be ignored or not performed. In addition, the dis-
played or discussed mutual couplings or direct couplings
or communication connections may be implemented by
using some interfaces. The indirect couplings or commu-
nication connections between the apparatuses or mod-
ules may be implemented in electrical, mechanical, or
other forms.

[0209] The modules described as separate parts may
or may not be physically separate, and parts displayed
as modules may or may not be physical modules, that
is, may be located at one position, or may be distributed
on a plurality of network modules. Some or all of the mod-
ules may be selected based on actual requirements to
achieve the objectives of the solutions of embodiments.
In addition, functional modules in embodiments of this
application may be integrated into one processing mod-
ule, each module may exist alone physically, or two or
more modules may be integrated into one module.
[0210] When the functions are implemented in a form
of a software functional module and sold or used as an
independent product, the functions may be stored in a
computer-readable storage medium. Based on such an
understanding, the technical solutions of this application
essentially, or the part contributing to the conventional
technology, or some of the technical solutions may be
implemented in a form of a software product. The com-
puter software product is stored in a storage medium,
and includes several instructions for instructing a com-
puter device (which may be a personal computer, a serv-
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er, a network device, or the like) to perform all or some
of the steps of the methods described in embodiments
of this application. The storage medium includes any me-
dium that can store program code, for example, a USB
flash drive, a removable hard disk, a read-only memory
(read-only memory, ROM), a random access memory
(random access memory, RAM), a magnetic disk, or an
optical disc.

[0211] The foregoing descriptions are merely specific
implementations of this application, but the protection
scope of this application is not limited thereto. Any vari-
ation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of
this application. Therefore, the protection scope of this
application shall be subject to the protection scope of the
claims.

Claims

1. An impedance detection method, applied to a pho-
tovoltaic system, wherein the photovoltaic system
comprises a plurality of combiner boxes and an in-
verter, an input end of each of the plurality of com-
biner boxes is connected to a photovoltaic string,
output ends of the plurality of combiner boxes are
connected to the inverter by using a direct current
bus, the combiner box comprises at least one direct
current switch and at least one DC-DC boost unit,
an input end of the direct current switch is connected
to the photovoltaic string, an output end of the direct
current switch is connected to an input end of the
DC-DC boost unit, an output end of the DC-DC boost
unit is connected to the direct current bus, and the
method comprises:

sampling a voltage between the direct current
bus and a protective earthing at each of a first
time point and a second time point, to obtain a
first voltage value and a second voltage value;
sampling a leakage current on the direct current
bus at each of the first time point and the second
time point, to obtain a first current value and a
second current value; and

calculating an insulation impedance value of the
combiner box based on a difference between
the first voltage value and the second voltage
value and a difference between the first current
value and the second current value, to deter-
mine whether impedance of the combiner box
is abnormal.

2. The method according to claim 1, wherein the pho-
tovoltaic system further comprises a power supply
unit, one end of the power supply unit is grounded,
the other end of the power supply unit is connected
to the direct current bus, the power supply unit is in
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an off state at the first time point, and the power sup-
ply unitis in a working state at the second time point.

The method according to claim 2, wherein before the
obtaining a second voltage value and the obtaining
a second current value, the method further compris-
es:

turning on the power supply unit, so that the pow-
er supply unit is in the working state; and
adjusting the voltage between the direct current
bus and the protective earthing to a first preset
voltage by using the power supply unit.

The method according to claim 1, wherein the pho-
tovoltaic system further comprises a power supply
unit, one end of the power supply unit is grounded,
the other end of the power supply unit is connected
to the direct current bus, and the power supply unit
is in a working state at both the first time point and
the second time point.

The method according to claim 4, wherein before the
obtaining a first voltage value and the obtaining a
first current value, the method further comprises:

turning on the power supply unit, so that the pow-
er supply unit is in the working state; and
adjusting the voltage between the direct current
bus and the protective earthing to a second pre-
set voltage by using the power supply unit.

The method according to claim 5, wherein before the
obtaining a second voltage value and the obtaining
a second current value, the method further compris-
es:

adjusting the voltage between the direct current bus
and the protective earthing to a third preset voltage
by using the power supply unit after first preset du-
ration.

The method according to any one of claims 1 to 6,
wherein the method further comprises:

ifitis determined that the impedance of the com-
biner box is abnormal, adjusting a maximum
power point tracking MPPT voltage correspond-
ing to the photovoltaic string in the combiner box;
sampling the MPPT voltage at each of a third
time point and a fourth time point, to obtain a
first MPPT voltage value and a second MPPT
voltage value;

sampling the voltage between the direct current
bus and the protective earthing at each of the
third time point and the fourth time point, to ob-
tain a third voltage value and a fourth voltage
value; and

calculating an insulation impedance value of the
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MPPT voltage based on the first MPPT voltage
value, the second MPPT voltage value, the third
voltage value, and the fourth voltage value, to
determine whether impedance of the photo-
voltaic string is abnormal.

The method according to claim 7, wherein before the
obtaining a first MPPT voltage value and the obtain-
ing a third voltage value, the method further com-
prises:

adjustingthe MPPT voltage to a fourth preset voltage
by using the DC-DC boost unit.

The method according to claim 8, wherein before the
obtaining a second MPPT voltage value and the ob-
taining a fourth voltage value, the method further
comprises:

adjusting the MPPT voltage to a fifth preset voltage
by using the DC-DC boost unit after second preset
duration.

The method according to any one of claims 1 to 9,
wherein the power supply unit comprises atleastone
ofarelay, aresistor, adiode, oradirectcurrentpower

supply.

A photovoltaic system, comprising a plurality of com-
biner boxes, an inverter, and an impedance detec-
tion apparatus, wherein an input end of each of the
plurality of combiner boxes is connected to a photo-
voltaic string, output ends of the plurality of combiner
boxes are connected to the inverter by using a direct
currentbus, the combiner box comprises atleastone
direct current switch and at least one DC-DC boost
unit, an input end of the direct current switch is con-
nected to the photovoltaic string, an output end of
the direct current switch is connected to an input end
of the DC-DC boost unit, an output end of the DC-
DC boost unit is connected to an input end of the
impedance detection apparatus, and an output end
of the impedance detection apparatus is connected
to the direct current bus; and

the impedance detection apparatus is config-
ured to: sample a voltage between the direct cur-
rent bus and a protective earthing at each of a
firsttime point and a second time point, to obtain
afirst voltage value and a second voltage value;
and sample a leakage current on the direct cur-
rent bus at each of the first time point and the
second time point, to obtain a first current value
and a second current value; and

calculate an insulation impedance value of the
combiner box based on a difference between
the first voltage value and the second voltage
value and a difference between the first current
value and the second current value, to deter-
mine whether impedance of the combiner box
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12.

13.

14.

15.

16.

17.

32
is abnormal.

The photovoltaic system according to claim 11,
wherein the photovoltaic system further comprises
a power supply unit, one end of the power supply
unit is grounded, the other end of the power supply
unit is connected to the direct current bus, the power
supply unit is in an off state at the first time point,
and the power supply unit is in a working state at the
second time point.

The photovoltaic system according to claim 12,
wherein the impedance detection apparatus is con-
figured to:

turn on the power supply unit before the second
voltage value and the second current value are
obtained, so that the power supply unitis in the
working state; and

adjust the voltage between the directcurrentbus
and the protective earthing to a first preset volt-
age.

The photovoltaic system according to claim 11,
wherein the photovoltaic system further comprises
a power supply unit, one end of the power supply
unit is grounded, the other end of the power supply
unit is connected to the direct current bus, and the
power supply unit is in a working state at both the
first time point and the second time point.

The photovoltaic system according to claim 14,
wherein the impedance detection apparatus is con-
figured to:

turn on the power supply unit before the first volt-
age value and the first current value are ob-
tained, so that the power supply unit is in the
working state; and

adjust the voltage between the directcurrentbus
and the protective earthing to a second preset
voltage.

The photovoltaic system according to claim 15,
wherein the impedance detection apparatus is con-
figured to:

adjust the voltage between the direct current bus and
the protective earthing to a third preset voltage after
first preset duration.

The photovoltaic system according to any one of
claims 11 to 16, wherein the impedance detection
apparatus is configured to:

ifitis determined that the impedance of the com-
biner box is abnormal, adjust a maximum power
point tracking MPPT voltage corresponding to
the photovoltaic string in the combiner box;
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sample the MPPT voltage at each of a third time
point and a fourth time point, to obtain a first
MPPT voltage value and a second MPPT volt-
age value; and sample the voltage between the
direct current bus and the protective earthing at
each of the third time point and the fourth time
point, to obtain a third voltage value and a fourth
voltage value; and

calculate an insulation impedance value of the
MPPT voltage based on the first MPPT voltage
value, the second MPPT voltage value, the third
voltage value, and the fourth voltage value, to
determine whether impedance of the photo-
voltaic string is abnormal.

The photovoltaic system according to claim 17,
wherein the impedance detection apparatus is con-
figured to:

adjust the MPPT voltage to a fourth preset voltage
before the first MPPT voltage and the third voltage
value are obtained.

The photovoltaic system according to claim 18,
wherein the impedance detection apparatus is con-
figured to:

adjust the MPPT voltage to afifth preset voltage after
second preset duration.

The photovoltaic system according to any one of
claims 11 to 19, wherein the power supply unit com-
prises at least one of a relay, a resistor, a diode, or
a direct current power supply.
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FIG. 7
800
Sample a voltage between a direct current bus and a protective earthing at each of a S801

first time point and a second time point, to obtain a first voltage value and a second
voltage value

Sample a leakage current on the direct current bus at each of the first time point ,\5/802

and the second time point, to obtain a first current value and a second current value

Calculate an insulation impedance value of a combiner box based on a difference
: S803
between the first voltage value and the second voltage value and a difference ~__/
between the first current value and the second current value, to determine whether
impedance of the combiner box is abnormal

FIG. 8
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\O
]
(]

Connect outputs of M combiner boxes in parallel

Tum off a relay K, so that an adjustable direct current power supply is turned off

For each combiner box, perform sampling to obtain a BUS—/PE voltage U,, and
perform sampling by using an RCD leakage current sensor, to obtain a leakage
current I.q;

Turn on the relay K, so that the adjustable direct current power supply works, and
the adjustable direct current power supply controls a BUS—/PE voltage to be U,

For each combiner box, perform sampling to obtain the BUS—/PE voltage U,, and
perform sampling by using the RCD leakage current sensor, to obtain a leakage
current L4

Calculate an insulation impedance value of the combiner box to the ground based
on Ul: U27 Ircdla and IICdZ

FIG. 9
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Connect outputs of M combiner boxes in parallel

Turn on a relay K, so that an adjustable direct current power supply works, and
the adjustable direct current power supply controls a BUS—/PE voltage to be U,

For each combiner box, perform sampling to obtain the BUS—/PE voltage U,, and
perform sampling by using an RCD leakage current sensor, to obtain a leakage
current I.q;

Turn on the relay K, so that the adjustable direct current power supply works, and
the adjustable direct current power supply controls the BUS—/PE voltage to be U,

For each combiner box, perform sampling to obtain the BUS—/PE voltage U,, and
perform sampling by using the RCD leakage current sensor, to obtain a leakage
current I .4,

Calculate an insulation impedance value of the combiner box to the ground based
on Ul; U2; IICdla and IICdZ

FIG. 10
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1100

Sample a voltage between a direct current bus and a protective earthing at each of
a first time point and a second time point, to obtain a first voltage value and a
second voltage value

Sample a leakage current on the direct current bus at each of the first time point
and the second time point, to obtain a first current value and a second current value

Calculate an insulation impedance value of a combiner box based on a difference
between the first voltage value and the second voltage value and a difference
between the first current value and the second current value, to determine whether
impedance of the combiner box is abnormal

If it is determined that the impedance of the combiner box is abnormal, adjust a
maximum power point tracking MPPT voltage corresponding to a photovoltaic
string in the combiner box

Sample the MPPT voltage at each of a third time point and a fourth time point, to
obtain a first MPPT voltage value and a second MPPT voltage value

Sample the voltage between the direct current bus and the protective earthing at
each of the third time point and the fourth time point, to obtain a third voltage
value and a fourth voltage value

Calculate an insulation impedance value of the MPPT voltage based on the first
MPPT voltage value, the second MPPT voltage value, the third voltage value, and
the fourth voltage value, to determine whether impedance of the photovoltaic
string 1s abnormal

FIG. 11
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